Retrieval of the homogeneous Green's function is often done using a singlesided boundary, even though the theory states that an enclosing boundary is required. In recent years the theory has been modified to create a single-sided representation. This is done by using the Marchenko method, to redatum the wavefield from the boundary to a virtual receiver location inside the medium. The results on synthetic data have been encouraging, but on field data this method is largely unproven, due to the fact that the Marchenko method assumes that the medium is lossless, which in practice it is not. We have shown how to apply the classical representation and that it does not deliver the desired result on the field data. We have also demonstrated how to apply the new representation on the field data and that the result has improved over the classical representation. We visualize the result as snapshots over a region of interest to show the propagation of the wavefield through the medium.
Introduction
The Marchenko method has been developed in recent years to overcome the limitation of single-sided access to the subsurface of the Earth for retrieving the full wavefield in the subsurface Wapenaar et al., 2014; Ravasi et al., 2016; Singh et al., 2016) . It allows the retrieval of a Green's function in the subsurface through the use of a measured reflection response and an estimation of the first arrival at a point in the subsurface. By doing this the received wavefield at the surface can be redatumed into the medium. Further use of the Marchenko method allows us to not only redatum the receivers of the response, but also the sources, which means the entire wavefield can be redatumed into the subsurface. It has been shown that by using this method the homogeneous Green's function at depth can be retrieved (Wapenaar et al., 2017) , a Green's function that has been superposed with its time-reversal. While the method has worked very well on synthetic data, it is still not widely applied to field data. This is because the method is very sensitive to irregularties in the acquisition setup and, more importantly, because the method assumes the medium where the reflection response is measured is lossless. We will show what the effects of the limitations of the field are and that, by applying corrections to the data, we can apply the Marchenko method to a field dataset and retrieve an accurate homogeneous Green's function.
Theory
The homogeneous Green's function is defined as the Green's function superposed by its time-reversal:
where G(x R , x S ,t) denotes a Green's function recorded at receiver location x R due to a source at x S at time t. G h (x R , x S ,t) is the homogeneous Green's function, G(x R , x S , ω) is the frequency transform at angular frequency ω and R denotes the real part. The Green's function is defined as having a derivative of a delta function as a source, therefore the source singularity at t = 0 vanishes when using the homogeneous Green's function:
where c indicates the velocity, and ρ the density of the medium. The homogeneous Green's function can be used for applications such as holographic imaging and inverse scattering. The classical representation of the method states that the homogeneous Green's function can be retrieved between any two location in the subsurface as long as the medium is enclosed by a boundary (Porter, 1970; Oristaglio, 1989) . This representation can be written as:
where j denotes the imaginary unit and ρ(x) denotes the density of the medium at location x and n i is the normal vector. ∂ D is a closed boundary around medium D. In this equation G * (x, x S , ω) can be seen as being a source distribution that works on the boundary ∂ D at all x. G(x R , x, ω) is a propagator that propagates the response from the boundary at x to x R . If the condition of having a closed boundary is not fulfilled, the result will contain artifacts and the retrieved homogeneous Green's function will be incorrect. In spite of this, the classical representation is still widely used, also for situations where there is no closed boundary, as there are few alternatives. In recent years, however, a promising new method has been developed, namely the Marchenko method. Unlike the classical representation it does not require a closed boundary (Wapenaar et al., 2014) and can retrieve the Green's function at any virtual receiver location in the subsurface without resolving the overburden . The reason for this is because the method can handle internal multiples correctly, while primaries are handled in the same way as more conventional methods. The method requires an accurate reflection response measured at a single-sided surface of the medium and an estimation of the first arrival, which can be modeled in a smooth velocity model. In order to obtain the Green's function, the Marchenko method retrieves a focusing function f 2 (x R , x, ω), which operates in a medium that is truncated at x R and focuses to that location. Wapenaar et al. (2017) showed that using the results of the Marchenko method, the homogeneous Green's function can be retrieved at any location in the medium using a single-sided boundary. This representation can be written as:
Similar to Eq.3, in this equation, one can see one function as the propagator and the other as a source. The focusing function f 2 (x R , x, ω) can be seen as the source, that works on the single-sided boundary and the Green's function G(x, x S , ω) operates as the propagator, similarly to G(x R , x, ω) in Eq.3. It propagates the response from the boundary at x to x S . By evaluating Eq.4 the response between the two locations is retrieved. This representation will not contain artifacts like the ones found when using the classical representation and will retrieve the accurate homogeneous Green's function.
Application on field data
In order to apply the method to field data, we need to go to several steps. First of all we require the input data for the Marchenko method. For this we use a field dataset in the Vøring basin, which was acquired in 1994 by SAGA Petroleum A.S., which at the time of writing is part of Statoil ASA. The data was preprocessed by Eric Verschuur, who removed the free-surface multiples and retrieved the near offsets using the EPSI method (Van Groenestijn and Verschuur, 2009) . The reason that the free-surface multiples needed to be removed is because the Marchenko method that was applied cannot handle these multiples. There are schemes that are capable of doing this, for example the one found in Singh et al. (2016) . The data was attenuated and had incorrect source strength, which we applied corrections for. In case these corrections are not done, they can lead to additional artifacts. There are ways to correct for attenuation (Alkhimenkov, 2017) and for incorrect source strength (Brackenhoff, 2016) , but further research is required. In this case, the corrections were retrieved adaptively. The estimated smooth velocity model for the field data is shown in Fig.1 -a, and an example of a shot after processing in Fig.1 b. Using the data in Fig.1 , we retrieve Green's functions and focusing functions in the medium at two Figure 1 (a) Estimated smooth velocity model of the subsurface used for estimating the first arrivals needed for the Marchenko scheme. The two stars indicate two different locations where the virtual receivers are retrieved. The yellow star is the virtual receiver location of the wavefield in Fig.2 -a and the black star is the virtual receiver location of the wavefields in Fig.2-b and Fig.2-c. (b) Example of a single shot of the reflection response after corrections have been applied. The source wavelet and free-surface multiples have been removed using the EPSI method, which also estimated the near-offsets.
separate locations using the Marchenko method, indicated by the stars in Fig.1-a . The Green's function that was retrieved at the location of the yellow star is shown in Fig.2-a and is used as G(x, x S , ω) in Eq.3. The Green's function that was retrieved at the location of the black star is shown in Fig.2-b and is used as G(x R , x, ω) in Eq.3. The resulting homogeneous Green's function is shown in Fig.2-d . An important property of the homogeneous Green's function has not been fulfilled with this result. The result is not symmetric in time, thereby violating the definition given in Eq.1a. Also note that, in this example, both Green's function have been fully retrieved and therefore, the best possible result is achieved. If one of the Green's functions is less accurate, the homogeneous Green's function will be less accurate as well. We will use the focusing function next. Instead of the Green's function in Fig.2-b , we use the focusing function retrieved at the virtual receiver location, which is shown in Fig.2 -c. We use this focusing function as f 2 (x R , x, ω) in Eq.4, while still using the Green's function from Fig.2 -a as G(x, x S , ω). The homogeneous Green's function that is retrieved is shown in Fig.2 -e. This result is symmetric in time and contains several events that are similar to the ones found in Fig.2-d . The reason that the two results are similar is that the primaries are handled the same for both representations. Only the multiples are handled differently and therefore the result improves. This can be seen in the differences between the two homogeneous Green's functions. The result in Fig.2 -e is only a single trace as it describes the response between two single locations. We have applied the result to many different locations all throughout the medium and retrieved the homogeneous Green's function at all of these locations. The location of the virtual receiver was varied, while the source was kept the same. The results are shown in Fig.3 , where they are visualized as snapshots of the homogeneous Green's function. Due to the large amount of disk space required for storage, only the region of interest of the medium is shown. The first 1200 m mainly consists of seawater, therefore it is not shown. The background of the figure is an image of the subsurface retrieved using the Marchenko method. Starting at the source, the primary wavefield propagates through the medium and has a greater velocity at deeper depths, which corresponds with the velocity model. When the wavefield hits a boundary, a reflection is caused, which in turn causes additional reflections.
There is noise present in the result, but the desired wavefield at depth has been captured.
Conclusions
We have shown that, using the Marchenko method instead of the classical representation, the homogeneous Green's function can be accurately retrieved. While this was done on synthetic data, we have shown that this is also possible on field data and that the new representation is indeed an improvement over the classical one. Due to the nature of the Marchenko scheme, there should be corrections applied to the reflection response before the Green's function and focusing function are retrieved. If this is done, the results on field data show the primary wavefield, as well as the coda. These results should be explored further and on more complex datasets. The results in 2D are encouraging enough that 3D data is a viable next step. Figure 3 Snapshots of the homogeneous Green's function on a field dataset in the Vøring basin at different times. The depth varies from 1200 to 3500 m and the offset varies from -3000 to 3000 m from the center. The wavefield has been convolved with a 30 Hz Ricker wavelet and the background is an image retrieved using the Marchenko method. Note, however, that for obtaining the snapshots we used the smooth background model of Fig.1-a 
